The environment is rich with visual information, so much so that it is exceedingly difficult for the visual system to simultaneously identify all incoming stimuli (e.g., Mozer, 1991) . The selection of certain visual stimuli over other stimuli is necessary to effectively interact with the environment. This attentional selection process can bias processing of stimuli that are currently task relevant (e.g., Folk, Remington, & Johnston, 1992; Treisman, 1969) . However, attentional selection is not always perfect; irrelevant stimuli can capture attention, as demonstrated by increased response times (RTs) when salient distractors are present in a display compared with when they are absent (e.g., Duncan, 1980; Theeuwes, 1991 Theeuwes, , 1994 .
Perceptual load is one factor that affects the overall selectivity of attention, that is, when attention remains highly selective versus when it spills over to irrelevant items. Perhaps the most influential account of how perceptual load affects selectivity is Lavie and colleagues' perceptual load theory (Lavie, 1995; Lavie, Hirst, De Fockert, & Viding, 2004; Lavie & Tsal, 1994) . When perceptual load is low, there is relatively little selectivity and processing resources mandatorily spillover to task-irrelevant information; in contrast, when perceptual load is high, the system is forced to ignore a subset of task-irrelevant visual information at the benefit of task-relevant information.
Most of the early work on perceptual load employed a modified Eriksen flanker task (e.g., Eriksen & Eriksen, 1974; Eriksen & Hoffman, 1973) to assess the degree of attentional selectivity. In the flanker task, participants search for a target letter and report its identity; a task-irrelevant flanker appears somewhere in the display, and this flanker can be congruent or incongruent with the target's identity. If the flanker receives attentional resources and is recognized, then participants are faster on trials in which the flanker is congruent or neutral with the target than when it is incongruent with the target. Importantly, this flanker effect is modulated by the perceptual load of a search display (Lavie, 1995; but see Miller, 1991) : In low perceptual load displays, the target appears alone or "pops out" of the display; RTs in these low-load displays show a flanker effect, indicating that attention is not perfectly selective-surplus attentional resources spilled over to process the flanker in addition to the target. In canonical high perceptual load displays, the target is embedded among an array of heterogeneous distractors; these high-load displays yield no flanker effect, indicating that attention is highly selective.
Although the construct of perceptual load has been used countless times as an important experimental manipulation (e.g., Dark, Johnston, Myles-Worsley, & Farah, 1985; Handy & Mangun, 2000; Handy, Soltani, & Mangun, 2001; Kahneman & Chajczyk, 1983; Miller, 1991; Yantis & Johnston, 1990; Yi, Woodman, Widders, Marois, & Chun, 2004) , few studies have systematically explored a continuous, independent operational definition of the construct of perceptual load (but see Torralbo & Beck, 2008 , for a recent account). At face value, perceptual load is putatively related to the complexity of a display or visual scene. Early work on operationally defining perceptual load led to the assertion that set size may serve as an important determinant (Lavie & Cox, 1997) , but other manipulations of perceptual load have not involved set size; for example, target degradation and the discriminability of two targets that need to be distinguished have been used to operationalize high-and low-load displays (e.g., Handy & Mangun, 2000) . Thus, there is not a clear understanding of what perceptual load represents. Consequently, we can only speculate at comparisons between interdimensional perceptual load manipulations.
Beyond the face validity drawbacks of perceptual load manipulations, a larger problem looms in the literature: often, perceptual load is circularly defined. To the extent that flanker effects are observed in a given search task, it is assumed that perceptual load was sufficiently low to allow flanker processing, whereas the absence of a flanker effect is taken as evidence of high perceptual load. However, typically if one inquires about the underlying cause of the presence or absence of a flanker effect, the answer invariably involves describing the displays as involving low or high perceptual load. Careful attention must be paid to the perceptual characteristics that set the load of a display.
Although few studies have addressed this issue, recent work by Torralbo and Beck (2008) attempted to resolve this circularity by providing a definition of load that draws from biased competition theory (Desimone & Duncan, 1995) . As noted above, in a low-load search task, the target differs substantially from nontargets and "pops out" of the display, whereas in high-load search tasks, the target does not "pop out." Torralbo and Beck proposed that the magnitude of featural overlap between the target and the distractors sets the level of competitive interaction between items in the search display (e.g., Beck & Kastner, 2005) . Competitive interactions, in turn, alter the strength with which top-down attention operates to select the target. Thus, when the target is easily selected (e.g., if it "pops out"), top-down attention operates weakly and the task-irrelevant flanker is more likely to be processed; however, when target selection is difficult, top-down attention must operate more strongly to bias processing in favor of the target, often at the expense of the task-irrelevant flanker.
Although Torralbo and Beck (2008) used crowding and visual hemifield manipulations to provide support for the notion that competition could be used to define perceptual load in an a priori manner, the extent to which other stimulus factors may contribute to perceptual load effects is unknown. Furthermore, it is unclear how the manipulations of stimulus competition in the Torralbo and Beck work map onto more canonical manipulations of perceptual load.
Previous tests of perceptual load have typically confounded target-distractor (T-D) similarity and distractor-distractor (D-D) similarity. Low-load displays often employ targets that are perceptually distinct from homogeneous distractors, whereas high-load displays incorporate targets that resemble heterogeneous distractors (for examples of such displays, see Lavie, 1995, and Lavie & Cox, 1997) . To assess the individual contribution of T-D similarity and D-D similarity on perceptual load, it is necessary to orthogonally manipulate these two factors. Hence, in the current study we examined the same T-D and D-D relational configurations proposed by Duncan and Humphreys (1989) and directly assessed their influence in generating perceptual load effects. Duncan and Humphreys (1989) demonstrated that both T-D similarity and D-D similarity affected the efficiency of visual search. When searching for a letter L, search slopes were greatest when the distractors were perceptually similar to the target (e.g., Ts rotated 180°and 270°) and dissimilar to one another (heterogeneous); search was more efficient when the distractors were dissimilar from the target and similar to each other (homogeneous). Based on these results, Duncan and Humphreys proposed that search efficiency lies on a continuum based on stimulus similarity. This and related work formed the basis for biased competition theory (Desimone & Duncan, 1995 ; also see Bundesen, 1990) .
The primary goal of the current work was to examine whether factors known to influence attentional control over search efficiency-beyond set size-also influence perceptual load. In three separate experiments, we manipulated T-D and D-D similarity while participants completed (a) a basic visual search task in which T-D and D-D similarity varied and (b) a canonical perceptual load task that incorporated the same stimuli as the visual search task (see Figure 1) . Across experiments, we confirmed Duncan and Humphreys' (1989) finding that search efficiency is greatest under low T-D similarity and high D-D similarity but gradually decreases as T-D similarity increases irrespective of D-D similarity. Similar patterns were obtained for the perceptual load task, which suggests a high degree of correspondence between the mechanisms influencing search efficiency and those generating perceptual load effects. We found that the degree to which a given distractor set produces inefficient search, as measured by search slope, was strongly correlated with the magnitude of the distractor interference effect engendered by the very same distractor set in the perceptual load task. Furthermore, regression analyses revealed that T-D similarity, as opposed to D-D similarity, is highly predictive of search slope in the visual search task and of the magnitude of the flanker effect in a canonical perceptual load task. Thus, search efficiency directly influences processing of task-irrelevant information and can be used as a proxy for perceptual load, providing support for the notion that differences in the strength with which attentional selection can be deployed across display types play a critical role in determining perceptual load effects. In short, we propose that search efficiency based on T-D similarity and D-D similarity provides an independent definition of perceptual load that avoids the circularity inherent in many previous studies. 
Method
Participants. Twenty-four University of Iowa undergraduates participated in a single study session for course credit. All participants had normal or corrected-to-normal vision.
Stimuli and procedure. A Mac mini-computer displayed stimuli on a 17-in. CRT monitor and recorded responses and response latencies. The resolution was set at 1,024 ϫ 768 pixels with a refresh rate of 80 Hz. The experiment was controlled using MATLAB software with Psychophysics Toolbox Version 3 (Brainard, 1997) .
Participants sat approximately 55 cm from the monitor in a dimly lit room. For each session, the order of the visual search task and the perceptual load task (cf. Lavie & Cox, 1997) was counterbalanced across participants. The target was always the letter T tilted 90°to the left or to the right, and participants reported the orientation of the target via keyboard button press (either the Z key or the /? key). Targets and distractors subtended a visual angle of 2.05°ϫ 2.05°D
istractors. Figure 1 depicts the stimuli used across the experiments. Low T-D similarity distractors were circles with a gap to one of four sides. High T-D similarity distractors were the letter L with equal-length line segments and were displayed in the canonical orientations of 0°, 90°, 180°, or 270°. This led to eight unique distractors for Experiment 1. Bauer, Jolicoeur, and Cowan (1996a) have developed a model for heterogeneity that incorporates the differences between distractors, the total number of distractors, and the ratio of distractor types. On the basis of that model, we created maximal D-D similarity displays by presenting completely homogeneous distractors. D-D similarity was decreased to its minimum by presenting heterogeneous distractors; however, because the tasks required display set sizes that exceeded the total number of unique distractors per condition, entropy was carefully maintained by keeping distractor type ratios as constant as possible across heterogeneous trials. In a given trial, the same distractor never appeared more than three times when 12 items were displayed, no more than twice when seven items (perceptual load task) or eight items were displayed, and no more than once when four items were displayed.
Visual search task. The visual search task incorporated displays containing four, eight, or 12 items. Crowding was controlled such that four items appeared in a given quadrant of a 20°ϫ 20°i maginary square-search was contained in one, two, or three quadrants depending on whether set size was four, eight, or 12 items, respectively (see Figure 1 , e.g., stimulus arrays). Quadrants were separated by a distance of 3.3°visual angle. The minimum distance between stimuli was 2.64°of visual angle from edge to edge. The search displays were presented until participants responded.
Before experimental blocks, participants performed 24 practice trials that included eight trials of each display size and six trials of each distractor type. Display size was intermixed while distractor type was blocked. Participants performed 96 experimental trials per block for a total of 384 visual search observations. Perceptual load task. The perceptual load task was a replication of that of Lavie and Cox (1997) except for the identity of targets and distractors. Target and distractor identities varied in a manner identical to that in the visual search task, allowing us to directly map our results from the search task onto those obtained in the perceptual load task (see Figure 1 ). The taskrelevant area was defined by an imaginary circle with a radius of 2.81°visual angle, which was centered at fixation. The target and five distractors appeared along the perimeter of the imag- 
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inary circle with 1.26°between adjacent items. The target appeared equiprobably at one of six locations along the imaginary circle. A flanker subtending 2.38°ϫ 2.38°appeared equiprobably 1.32°to the left or the right of the task-relevant area as measured from the edge of the flanker to the edge of the nearest stimulus. The flanker could be identical to the target (congruent flanker) or it could be the mirror image of the target (incongruent flanker). The displays were presented for 100 ms, followed by a blank screen that remained until participants reported the target's orientation. Participants performed 96 experimental trials per block for a total of 384 trials.
The order of the search and perceptual load tasks was alternated and the blocks of each task were counterbalanced in a manner that produced 24 (4! ϭ 24) unique versions of each experiment.
Results

Visual search task.
RTs. Mean correct RTs were computed for each participant as a function of T-D similarity (low and high similarity), D-D similarity (homogeneous or heterogeneous), and display size (four, eight, or 12 items). RTs outside Ϯ2.5 SD from each participant by condition mean were excluded from the analysis. This trimming excluded less than 5.5% of the data.
Search slopes were calculated for each participant on the basis of the four possible display types. Search slope and intercept values were derived from linear regression analyses that were independently performed across display size and on each T-D ϫ D-D mean (see Figure 2a for statistics). Individual participant search slopes were analyzed using a 2 ϫ 2 repeated measures analysis of variance (ANOVA) with T-D similarity and D-D similarity as independent factors. We observed a significant two-way interaction between the factors, F(1, 23) ϭ 43.47, p Ͻ .001, as well as main effects for both factors: T-D similarity, F(1, 23) ϭ 167.33, p Ͻ .001, and D-D similarity, F(1, 23) ϭ 24.62, p Ͻ .001.
Error rates. Next, we analyzed error rates in the visual search task and performed a 2 ϫ 2 ϫ 3 repeated measures ANOVA with T-D similarity, D-D similarity, and display size as independent factors. We observed a significant interaction between T-D similarity and display size, F(2, 22) ϭ 7.77, p ϭ .0030. The error rate for low T-D similarity distractors was slightly greater than that for high T-D similarity distractors when eight items were in the display (3.76% and 2.19%, respectively). No other effects or interactions were significant.
Perceptual load task. RTs. Mean correct RTs were computed for each participant as a function of T-D similarity, D-D similarity, and flanker congruency (response congruent or incongruent). RTs outside Ϯ2.5 SD from each Participant ϫ Condition mean were excluded from the analysis. This trimming excluded less than 4.5% of the data.
RTs were analyzed using a 2 ϫ 2 ϫ 2 repeated measures ANOVA with T-D similarity, D-D similarity, and flanker congruency as independent factors (see Figure 2b ). We observed a significant two-way interaction between T-D similarity and flanker congruency, F(1, 23) ϭ 32.14, p Ͻ .001, as well as a main effect of T-D similarity, F(1, 23) ϭ 87.03, p Ͻ .001.
Planned comparisons between response congruent and incongruent trials for each of the four distractor categories revealed significant flanker effects when targets were dissimilar from distractors-homogeneous distractors, t(23) ϭ 2.50, p ϭ .020, heterogeneous distractors, t(23) ϭ 3.71, p Ͻ .001-but not when targets were similar to the distractors-homogeneous distractors, t(23) ϭ 0.67, p ϭ .50, heterogeneous distractors, t(23) ϭ 0.12, p ϭ .91. Flanker effects were observed when the target was conspicuous; in contrast, when the target and distractors were similar, no flanker effects were observed.
Error rates. We performed an identical analysis on error rates in the perceptual load task and observed a significant main effect of T-D similarity, F(1, 23) ϭ 20.84, p Ͻ .0005. High T-D similarity led to increased error rates as compared with low T-D similarity (8.44% vs. 3.67%, respectively). No other effects or interactions reached significance.
Discussion
The results of the visual search task indicate that steeper search slopes are typical of displays that include an inconspicuous target and heterogeneous distractors; however, the nature of the interaction between T-D similarity and D-D similarity suggests that the contribution of D-D similarity is realized only under high T-D similarity. This finding is consistent with that of Duncan and Humphreys (1989) , who also found that search efficiency was affected by D-D similarity only when T-D similarity was high.
The results of the perceptual load task generally accord with the results of the visual search task; however, significant flanker effects were observed when the target was conspicuous irrespective of D-D similarity. Thus, flanker effects tend to follow T-D similarity rather than D-D similarity, which raises the possibility that, unlike search efficiency, attentional selectivity in the perceptual load task may be solely determined by T-D similarity. Furthermore, in displays containing low T-D similarity (low-load displays), distractors with low D-D similarity produced faster overall RTs and a shallower search slope than distractors with high D-D similarity. Although these differences were not substantial, they run counter to what one would expect from the visual search literature. To address these issues, in Experiment 2, we incorporated medium T-D similarity distractors to more fully map the interaction between T-D and D-D similarity. We hypothesized that the dissimilar distractors in Experiment 1 were so distinct from the target as to obscure any effects of D-D similarity. To overcome this, we created distractors that were dissimilar from the target but that nevertheless shared some features (e.g., 90°i ntersections) with the target.
Experiment 2 Method
Stimuli and procedure. The stimuli and procedure of Experiment 2 were identical to those of Experiment 1 except that the low-similarity distractors were modified to better characterize the 4 ROPER, COSMAN, AND VECERA relationship between D-D similarity and perceptual load. We carefully chose a distractor set that would produce moderate search slopes to more comprehensively address the impact of D-D similarity on perceptual load across the dimension of T-D similarity. We refer to this new distractor set as having medium similarity with the target. In Experiment 2, medium similarity distractors were the letter L with equal-length line segments rotated 45°, 135°, 225°, or 315°. These medium T-D similarity distractors were identical to the high T-D similarity distractors except that they were rotated such that their vertices did not correspond with the vertices of the potential targets. Thus, any differences in dependent measures between the medium and high T-D similarity distractors must necessarily be due to differential perceptual processing on the basis of target-distractor commonalities in line segment intersection. (Loftus & Masson, 1994; Cousineau, 2005) . Perceptual load error bars represent the error term from individual paired samples t tests between congruent and incongruent trials. T-D ϭ target-distractor similarity; D-D ϭ distractor-distractor similarity; m ϭ search slope in ms/item; b ϭ search intercept in ms. ‫ء‬ p Ͻ .05.
‫ءء‬ p Ͻ .001.
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Results
Data trimming and statistical analyses were conducted in the same manner as Experiment 1. Data trimming led to the exclusion of less than 5.5% of the data in the visual search task and less than 4.5% in the perceptual load task.
Visual search task. RTs. We observed a significant two-way interaction between T-D and D-D similarity, F(1, 23) (Loftus & Masson, 1994; Cousineau, 2005) . Perceptual load error bars represent the error term from individual paired samples t tests between congruent and incongruent trials. T-D ϭ target-distractor similarity; D-D ϭ distractordistractor similarity; m ϭ search slope in ms/item; b ϭ search intercept in ms. ‫ء‬ Figure 3b) .
Error rates. We observed a main effect of T-D similarity, F(1, 23) ϭ 23.93, p Ͻ .0005, and a main effect of flanker congruency, F(1, 23) ϭ 17.65, p Ͻ .0005. High T-D similarity produced greater error rates than low T-D similarity (6.90% vs. 3.36%, respectively). Likewise, incongruent trials produced greater error rates than congruent trials (6.23% vs. 4.04%, respectively). No other effects or interactions reached significance.
Discussion
The results of Experiment 2 parallel the results of Experiment 1. T-D similarity largely determines whether or not the flanker effect will be observed in a perceptual load task, whereas both D-D similarity and T-D similarity contribute to search efficiency.
Again, the results indicate that perceptual load can be defined by factors known to affect visual search, namely search efficiency, which is determined primarily by T-D similarity.
Although the previous experiments point to search efficiency (i.e., search slope) as a main determinant of perceptual load effects, careful inspection of our search results suggests another alternative. Not only does search efficiency vary with our display manipulations, but the vertical intercept of these search functions also varies. Search efficiency and intercept are conflated in our search results, with steeper search slopes having higher y-intercepts.
1
To overcome this issue, we degraded the targets in the displays of Experiment 3 to produce an increase in mean RT without a commensurate increase in slope. A manipulation of this sort has been done before. In a canonical perceptual load task, Lavie and De Fockert (2003) lowered the luminance contrast of the target, decreased the display duration, and backward-masked the target. Consequently, RTs increased without an accompanying increase in attentional selectivity. Using similar logic, we hypothesized that lowering the luminance contrast of the stimuli in our visual search task should raise search intercept without a commensurate increase in search slope. Based on Lavie and De Fockert's findings, we would also expect the same low-contrast stimuli to increase mean RT, but not attentional selectivity in the perceptual load task. If perceptual load corresponds with search efficiency, then our previous findings should be relatively unchanged by an increase in the intercept. This manipulation has the added benefit of acting as a discriminant validity check on our operationalization of perceptual load by assessing the extent to which a search slope captures attentional selectivity and not mean RT.
Experiment 3 Method
Stimuli and procedure. The stimuli and procedure of Experiment 3 were identical to those of Experiment 2 except that (a) only medium T-D similarity distractors were used, (b) the number of trials per D-D similarity condition was doubled to 192 trials to keep constant the total number of trials per task, and (c) the luminance contrast of all stimuli except the flanker was lowered to better characterize the influence of search intercept on perceptual load. Targets 
Results
Visual search task.
RTs. Mean correct RTs outside Ϯ2.5 SD were trimmed (less than 5.0% excluded) and averaged on a participant basis. Search slopes were derived and analyzed by carrying out a paired samples t test. No significant differences were observed between the search slopes, t(23) ϭ 1.46, p ϭ .15, or intercepts, t(23) ϭ 1.33, p ϭ .20 (see Figure 4a) . Next, we examined the impact of luminance contrast by directly comparing visual search RTs when the distractors were moderately similar to the targets and displayed in high contrast and when the very same distractor set was displayed in low contrast. We conducted a mixed model 2 ϫ 2 ϫ 3 ANOVA with luminance contrast as a between-subjects factor and D-D similarity and display size (four, eight, or 12 items) as withinsubjects factors. This comparison between Experiments 2 and 3 revealed significant main effects of all three factors: D-D similar- ity, F(1, 46) Error rates. We conducted a 2 ϫ 3 repeated measures ANOVA with D-D similarity and display size as factors. Neither main effect nor the interaction reached significance.
Perceptual load task. RTs. Mean correct RTs were computed on a Participant ϫ D-D Similarity ϫ Flanker Congruency basis. RTs outside Ϯ2.5 SD were trimmed (less than 4.6% excluded). A 2 ϫ 2 repeated measures ANOVA was carried out over D-D similarity and flanker congruency. Significant main effects of both factors were observed: D-D similarity, F(1, 23) ϭ 6.17, p ϭ .021, flanker congruency, F(1, 23) ϭ 8.03, p ϭ .009 (see Figure 4b) . The interaction was not significant.
Planned comparisons between incongruent and congruent trials revealed a significant flanker effect when distractors were homogeneous, t(23) ϭ 2.07, p ϭ .050, but not when distractors were heterogeneous, t(23) ϭ 1.44, p ϭ .16.
We next analyzed the RTs from Experiments 2 and 3 together by conducting a mixed model 2 ϫ 2 ϫ 2 ANOVA with D-D similarity and flanker congruency as within-subjects factors and luminance contrast as a between-subjects factor. We observed a main effect of congruency, F(1, 46) ϭ 25.06, p Ͻ .0005, and luminance contrast, F(1, 46) ϭ 5.50, p ϭ .023. No other effects or interactions reached significance.
Error rates. We performed a 2 ϫ 2 repeated measures ANOVA with D-D similarity and congruency as factors. We observed a main effect of congruency, F(1, 23) ϭ 7.29, p ϭ .013. Incongruent trials resulted in greater error rates compared with congruent trials (5.80% vs. 4.40%, respectively). These results rule out the possibility of a speed/accuracy trade-off.
Discussion
The results of Experiment 3 indicate that search efficiency is the main determinant of perceptual load effects as measured by flanker R 2 values represent the best linear fit across the three set sizes for each distractor category. Error rate percentages are denoted at the base of each bar. Error rate percentages are denoted at the base of each bar. Visual search error bars represent 95% within-participant confidence intervals (Loftus & Masson, 1994; Cousineau, 2005) . Perceptual load error bars represent the error term from individual paired samples t tests between congruent and incongruent trials. T-D ϭ target-distractor similarity; D-D ϭ distractordistractor similarity; m ϭ search slope in ms/item; b ϭ search intercept in ms. ‫ء‬ p Ͻ .05.
congruency. Although our display degradation manipulation slowed RTs overall without affecting search slope, this overall slowing did not affect flanker interference. Our results are consistent with Lavie and De Fockert's (2003) findings: Perceptual degradation serves to increase mean RT without increasing attentional selection in a canonical perceptual load task.
Although Experiment 3 points to the role of search efficiency in determining perceptual load, the fact that search efficiency and search difficulty covary in Experiments 1 and 2 (and, indeed, in most visual search experiments) suggests that there might be a more complex relationship between factors that underlie visual search and those that determine perceptual load. That is, although search slope appears to be the main determinant of perceptual load, our previous analyses do not allow us to assess the relative contributions of the many factors that putatively have an effect on search. To provide a finer grained measure of the relationship between visual search and perceptual load, we conducted a regression analysis over the results of our three experiments.
We created a regression model that incorporated several search factors-specifically, search slope, search intercept, T-D similarity (low, medium, and high), D-D similarity (low and high), and luminance contrast (low and high)-to predict the magnitude of the flanker effect in our perceptual load task. We used the natural log-transform of the flanker effect values because the flanker effect has a natural floor of 0 ms, when incongruent trials produce the same RT as congruent trials and where the flanker effect becomes insensitive to subtle changes in perceptual load.
Our analysis relied on 10 participant-wide observations from the foregoing experiments (four each from Experiments 1 and 2 and two from Experiment 3), in which each observation was a pairing of the various search factors (search efficiency, search intercept, T-D similarity, D-D similarity, and luminance contrast) and the corresponding natural log of the flanker effect. Figure 5 illustrates the results of a stepwise forward regression, which indicated that search slope was the single best predictor of the flanker effect, R 2 ϭ .932, F(1, 8) ϭ 110.1, p Ͻ .0005; however, the inclusion of an additional predictor-search intercept-explained nearly 98% of the flanker variance, R 2 ϭ .977, F(2, 7) ϭ 145.8, p Ͻ .0005. The increase in predictive power resulting from the addition of search intercept to the model was significantly greater than the predictive power of slope alone, ⌬R 2 ϭ .044, F(1, 7) ϭ 13.23, p ϭ .008. However, the standardized ␤ weights indicated that slope was nearly 4.5 times more influential than intercept in the two-predictor model (slope: ␤ ϭ Ϫ.93, p Ͻ .0005; intercept: ␤ ϭ Ϫ.21, p ϭ .008).
The relative independence of search slope and search intercept that we observed in Experiment 3 may explain why those variables are the best two predictors of the flanker effect in our regression analysis: The intercept can explain a small proportion of the variance that no other variable appears to capture. Indeed, we tested this by examining the relationship between the intercept and the natural log of the flanker effect after partialing out the effect of slope, D-D similarity, T-D similarity, and luminance contrast. This analysis revealed a strong, significant relationship between intercept and the flanker effect, R 2 ϭ .66, p ϭ .013. However, and most important, the relationship between search slope and the flanker effect remained extraordinarily strong when the effect of intercept, D-D similarity, T-D similarity, and luminance contrast was partialed out, R 2 ϭ .90, p ϭ .006. One important contribution of these regression analyses is that they break the circularity of perceptual load theory. Our regression analyses allow us to determine an equation that best predicts the magnitude of the flanker effect, and thus provide a definition of perceptual load that is independent of the presence or absence of a significant flanker effect: where e ϭ 2.718, slope is in milliseconds per item, intercept is in milliseconds, and flanker effect is in milliseconds. The solution to this equation appears in Figure 6 , which depicts the surface that predicts the flanker effect using search slope and the intercept. This surface illustrates the nature of the relationship between search slope and search intercept, indicating that increments in search intercept accompany increases in perceptual load only when search efficiency is relatively high. For the first time, perceptual load can be independently quantified in terms of search slope and search intercept, both of which are determined by display factors, most notably T-D similarity.
General Discussion
The results of three experiments demonstrated that search efficiency serves as a continuous metric on which perceptual load can be grafted. The very same stimulus sets that produced inefficient visual search (i.e., relatively large search slopes) provided evidence of high attentional selectivity as demonstrated by the absence of flanker effects in the perceptual load task. Contrariwise, stimulus sets that produced efficient visual search yielded evidence of low attentional selectivity as demonstrated by the presence of a flanker effect. These findings are theoretically important for at least two reasons: First, they operationally define perceptual load and unravel the argument of circularity that has previously knotted perceptual load theory, and second, they provide an independent metric that can be used to classify perceptual load manipulations.
The usefulness of the search efficiency metric is born out in an unexpected finding of Experiment 1. As stated in the introduction, at face value, the perceptual load of a display corresponds to that display's complexity. Bearing that in mind, it would have been logical to assume that a disordered display, characterized by low T-D similarity and low D-D similarity, would produce greater attentional selectivity in the perceptual load task compared with an orderly display, such as displays with low T-D similarity and high D-D similarity. However, the observed relationship did not follow this prediction. Instead, the homogeneous, low T-D similarity distractors produced greater attentional selectivity. Of primary importance was the finding that the search slope data for those two conditions accurately reflected this surprising deviation: Not only did the homogeneous, low T-D similarity distractors in Experiment 1 produce smaller flanker effects than the heterogeneous, low T-D similarity distractors, but they also produced greater search slopes. This suggests that it may not be reasonable to classify perceptual load displays based on phenomenology. Thus, there is a definite need to use an independent measure, such as visual search measures, to assess the perceptual load of a display. Furthermore, when conventional comparisons prove to be difficult (e.g., assessing the differential perceptual load produced by two distinct real-life scenes), this new metric can be used to rank order any number of disparate displays on the basis of perceptual load.
It is important to address the limitations of this new perceptual load metric. First, we studied the effects of T-D similarity on perceptual load by manipulating the degree of similarity between targets and distractors along a dimension of shape and orientation characteristics. The extent to which our perceptual load model can account for T-D similarity manipulations that involve surface feature dimensions is unknown. However, this potential limitation is counteracted by our model's strong association with measures of visual search. This heavy reliance on search slope and intercept allows us to appeal to preexisting visual search findings, thereby seamlessly integrating perceptual load theory into the extensive visual search framework. For example, D'Zmura (1991) and Cowan (1996a, 1996b) investigated the effects of T-D color similarities on search efficiency. They found that greater color similarity between targets and distractors led to decreased search efficiency. With these results in hand, it is reasonable to assume that color similarities between targets and distractors could also contribute to perceptual load. On the basis of our model, the natural prediction then would be that increased T-D color similarity serves to increase perceptual load. Therefore, the generalizability of our results is bolstered by the likenesses shared by perceptual load and visual search.
Second, we cannot overstate the necessity of visual search strategies to complete our tests of perceptual load. In our perceptual load tasks, the precise target (T rotated left or right) is never certain. In addition, the location of the target is only certain to the extent that the participant can anticipate that the target will appear in the central row of stimuli. Thus, it is reasonable to conclude that some degree of visual search must be conducted in order to identify the target. As such, it comes as no surprise that measures of visual search correspond to measures of perceptual load, as we tested it. Consequently, our model of perceptual load may be less instrumental in determining the perceptual load of displays that differ substantially from our task. Suffice it to say, our model is best applied to circumstances in which there is uncertainty in the target identity and location coupled with well-defined taskrelevant and task-irrelevant portions of the display. Furthermore, we do not claim that all factors shown to affect search efficiency will in turn affect attentional selectivity and subsequently set the level of perceptual load. The experience achieved by practicing a search task has been shown to increase search efficiency (Brockmole, Hambrick, Windisch, & Henderson, 2008) . Furthermore, as search becomes more efficient, flanker effects obtain despite high perceptual load (Wilson, MacLeod, & Muroi, 2008) . These studies raise the possibility that search efficiency is a useful proxy for putative experience-dependent fluctuations in perceptual load; however, this issue requires further experimentation and consequently lies beyond the scope of current aim. Torralbo and Beck (2008) proposed that the perceptual load of a display might be partly determined by local competitive interactions between targets and nearby distractor items in visual cortex. Our manipulation of T-D similarity could conceivably play a role in establishing the magnitude of such competition by modulating the level of competition between targets and distractors (Desimone & Duncan, 1995) . Specifically, increasing T-D similarity may increase the strength of top-down attention necessary to effectively select the target from an array of similar distractors. This increased recruitment of top-down attention may translate to greater selectivity in the perceptual load task, thereby reducing the probability that the task-irrelevant flanker is processed. Thus, the present work not only conforms to previous findings, but it also provides an opportunity to address perceptual load in terms of biased-competition models of attention.
Our use of search efficiency to define another construct (i.e., perceptual load) is conceptually related to results from Alvarez and Cavanagh (2004) , who demonstrated that accuracy in a visual short-term memory (VSTM) change detection task was highly predicted by search efficiency; objects that produced shallow search slopes were remembered better in VSTM than those that produced steeper search slopes. Alvarez and Cavanagh argued that the "information load" of a class of stimuli-that is, the visual detail that is stored in memory for a particular object-was the main determinant of both visual search efficiency and VSTM change detection performance. Based on our findings, we would add that display-wide measures, such as T-D similarity and D-D similarity, might also encompass the information load of an entire display. Such display-wide considerations appear to explain various attentional results, including search efficiency and perceptual load, but could also impact the storage of items in visual memory (Luria & Vogel, 2011) .
The potential impact of perceptual load theory hinges on how perceptual load is operationally defined. Although is it known that perceptual load determines attentional selectivity (see Lavie et al., 2004 ; but see also , for a differing viewpoint), its usefulness as a manipulation is only as precise as its definition. Perceptual load need not be arbitrarily defined. The finding that perceptual load may be determined by search efficiency for the first time quantifies an otherwise nebulous construct. Furthermore, by demonstrating that perceptual load can be reduced to wellcharacterized factors that influence visual search, perceptual load can be explored with a renewed perspective.
